paleo-records of beech in the Alps demonstrate its persistence to fire on the long term, 60 even during periods of significant increase in fire frequency (Tinner et al. 1999 In order to fill this knowledge gap, we investigated factors affecting tree regeneration in 75 fire disturbed beech stands of the Southern foothill of the European Alps along a climatic 76 gradient in terms of both precipitation and temperature. We used a sample of 36 beech 77 stands burnt between 1970 and 2012 to address the following questions: 78 
Sample and field assessment 120
Corresponding to the burn size, we placed one to three transects spaced 50 m apart in 121 elevation along the contour lines (figure 2). Along the transects, circle plots of 200 m 2 122 were defined in distances of 30 m, starting in the burnt beech forests in 10 m distance to 123 the burn edge. In each transect a minimum of one control plot was located beyond the 124 edge in the unburnt beech forest, except for six fire sites where it was not possible (see 125 appendix A). According to the final number of plots, the burn size (AREA; table 1) 126 within each beech stand was categorized as small (< 4 sample plots), medium (4-9 127 sample plots) or large (> 9 sample plots). 128 Regeneration densities were separately pooled and upscaled to stems ha -1 for the target 132 species beech, and for pioneer woody species with a high annual production of wind-133 dispersed seeds. Remaining woody species combining traits of barochorous or 134 zoochorous seed dispersal, and a highly variable annual seed production were 135 summarized as "other" (table 2) . 136 and was then assessed following the method of Brown (1974) . For this purpose, dead 150 wood was assessed in four different diameter classes (1: 2.5-5 cm, 2: >5-7.5 cm, 3: 151 
Data analysis 189
Resource needs and availability during the regeneration process change with progressive 190 tree development. Thus for the described statistic, the fire sites were categorized together 191 with their corresponding control plots, into different postfire age classes (Horn 1974) 192 based on the date of fire, with "≤ 9 years", "10-15 years", "16-21 years", "22-32 years", 193 and ">32 years". 194
To evaluate the influence of explanatory variables (listed in table 1) on postfire beech 195 regeneration, we performed individual models for beech seedlings (sFAG) and saplings 196 (SFAG). To detect the influence of fire on regeneration processes, we considered for the 197 Additionally to the density models, we performed a stem height model with averaged 199 beech saplings heights (hFAG) at plot-level as response variable. Models were run for 200 both the full data set (N 214), the Insubric (N 148) and Piedmont (N 66) regions to 201 prevent a levelling of regional specific environmental parameters. 202
For model selection, we examined each data set for intra-class correlation (Bliese 2000) . 203
This resulted in general linear models (GLM) for the tree height models, and generalized 204 mixed effect models (GLMM) with burn location as random factor for regeneration 205 models (Pinheiro et al. 2015). Data exploration for models performing followed the 206 guidelines of Zuur et al. (2010) . Therefore, collinearity among covariates was detected by 207 calculating the Pearson correlation factor as well as by the variance of inflation (VIF). 208
Predictors were chosen according to both the ecological relevance and the precision of 209 assessment (measurement vs. estimation). To meet the assumption of collinearity, we 210 excluded the variables MOTHER (r 2 = 0.72 with EDGE), REG (r 2 =0.8 with PREC), 211 and burn severity (SEV) from all beech regeneration models (table 1). The latter was 212 highly correlated with the basal area of survived pre-fire trees (BASAL) and with the 213 cover of early postfire colonizers (EARLY). For the regional specific models, we 214 excluded TEMP (r 2 = -0.7 with AGE), and mCLIM (r 2 = 0.77 with pH, r 2 = -0.56 with 215 EARLY) for Piedmont, and TEMP (r 2 = -0.8 with PREC) for Insubric models. Of the examined burnt beech forest plots, 14.5% were assigned to low, 44% to moderate 232 and 40% to high-severity burns. In the burnt beech stands mean basal area of pre-fire 233 trees survived the fires was 19.36 m 2 ha -1 , ranging from 2.56 m 2 to 56.1 m 2 ha -1 . 234
Contrastingly, the basal area in the unburnt beech forests was in average double as high 235 (39.4 m 2 ha -1 ). With regard to the different classes of postfire age, basal area of living 236 pre-fire trees in low severity fire sites ranged between 33.5 and 56.1 m 2 ha -1 , and was 237 therefore up to more than ten times higher than basal area in high burn severity sites 238
Postfire tree regeneration 241
A total of 32 woody species were found to be regenerating in the burnt beech forests, of 242 which 11 were also present in the unburnt forests (table 2) . Out of these species, 32% 243 showed pronounced pioneer tree traits with stem densities ranging from below 1 stems 244 ha -1 up to 2343 stems ha -1 in the burnt beech forests, while they were totally absent in the 245 unburnt beech forests (table 2) . 246
The target species beech dominated in terms of densities and frequency in the burnt as 247 well as in the unburnt forests. It regenerated in all fire sites and in 91.2% of the 248 investigated burnt plots (table 2) . Here, both seedlings and saplings grew with average 249 densities of 7,059 and 7,233 stems ha -1 , respectively, which was double as high than in 250 the unburnt beech forests. Beech regeneration was missing in only 8.8% of the burnt 251 plots. Half of these plots burnt just the previous vegetation period and beech regeneration 252
densities were there in general low (50-350 stems ha -1 ). The remaining plots without 253 beech regeneration burnt more than 10 years ago with an extraordinary high severity and 254 display now a dense coverage of early postfire colonizers such as common bracken, 255 common broom and purple moor grass. 256
Next to beech, only pioneer birch (Betula pendula ROTH) grew also abundant in 60% of 257 the investigated plots with an average sapling density of 2,343 stems ha -1 , which 258 corresponds to one third of the beech density. In seedlings, high densities were recorded 259 for Scotch laburnum (Laburnum alpinum J.PRESL, Ø 4,193 stems ha -1 ) and ash (Fraxinus 260 excelsior L., Ø 2,699 stems ha -1 ). In three fire sites with mostly high burn severity, a rare 261 number if invasive alien plant species with pioneer character were found such as empress 262 tree (Paulownia tomentosa (THUNB.) STEUD.), tree of heaven (Ailanthus altissima (MILL.) 263 SWINGLE), and black locust (Robinia pseudoacacia L). 264
[place table 2] 265
Temporal dynamic of tree regeneration 266
With view on the different postfire ages, beech seedlings densities were half as abundant 267 (10,092 ± 2795 stems ha -1 ) than pioneer trees during the first 9 years postfire (figure 4). 268
The latter peaked (21,373 ± 9399 stems ha -1 ) within this period but rapidly declined to 269 small numbers in older fire sites. In contrast, the numbers of beech seedlings were quite 270 similar in younger fire sites (up to 20 years) and dropped down to an average density of 271 2135 ± 599 stems ha -1 later in succession (> 32 years postfire). Saplings of beech and 272 pioneer trees reached nearly similar densities (5812 ± 1978 and 7515 ± 1667 stems ha -1 ) 273 ten to fifteen years postfire. In correspondence to pioneer seedlings of the first decade 274 postfire, saplings densities peaked ten to fifteen years postfire and steadily decreased later 275 (table 3) . Next to those general factors, the full model indicated 299 significant regional differences due to the positive correlation with the amount of 300 precipitation (PREC). In particular in the Insubric region, seedlings densities were 301 negatively correlated with aspect (higher on north to east facing sites), postfire age (AGE; 302 higher in younger burnt beech forests), and with the distance to the burn edge (EDGE; 303 higher closer to intact forests). The best model explained 64% of the variation (deviance 304 D 2 ) in beech seedlings densities. In the Piedmont, seedling regeneration of beech was 305 positively correlated (quadratic term) to soil pH (higher densities with increasing pH) and 306 elevation (ELE). The linear term of the latter was negatively correlated with beech 307 seedlings densities (high densities on intermediate elevation). The overall model for the 308 Piedmont explained 55% of the variation in seedlings density. 309
The cover of early post-fire colonizer and basal area of living pre-fire beeches also 310 showed a significant influence on beech saplings densities. In contrast to the seedlings 311 models, however, the basal areas of living pre-fire beeches were negatively correlated 312 with the saplings density (higher under smaller canopy cover). In accordance with the 313 seedling models, sapling densities were negatively correlated with early postfire 314 colonizer. Additionally, the overall beech sapling densities showed a significant positive 315 correlation with the volume of coarse woody debris. In the Insubric region, beech sapling 316 densities were positively correlated with postfire age and negatively with elevation, with 317 a total of 32% explained variation in stem density. For the Piedmont region, sapling 318 density was negatively correlated with aspect. Together with the mentioned general 319 variables BASAL, EARLY and CWD, the best model for this region explained 63% of 320 the variation in saplings stem density. 321 12.7*** 1.1 11.2*** 1.7 18.9*** 1.7 18.4*** 1.4 19.8*** 2.6 13.9*** .9 BASAL 2.1*** .5 2.8*** .9 3.3** .9 -2.3*** .6 -2.5* 1.1 -1.3* .5 BASAL 2 -1.4* .6 EARLY 2 -2.0*** .4 -1.2• .6 -2.9*** .8 -2.1** .5 -2.9*** .7 -1.0• .5 AGE -3.1*** .7 -6.5** 1.5 3.5* 1.1 3.2** .7 ASP -2.3** .8 -1.1* .7 -3.1*** 1. 
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